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Ethylene is an endogenous plant hormone that influences many aspects of plant growth and development. Ethylene 
responses is conducted by ethylene signal transduction pathway. Ethylene Responsive Element Binding Proteins 
(EREBPs) are transcriptional factors function in the ethylene signaling pathway in plants, helping to regulate ethylene 
responses by regulating genes transcription and expression. We have cloned Tomato LeERF1 gene which was 
identified as members of the EREBPs family, characterized by a conserved ERF domain. In this research, in order to 
further examine the location of the LeERF1, immunocytochemical localization in vascular tissues of tomato fruit was 
proformed. Our results suggested LeERF1 was mainly localized in the nucleus (N)ǃnucleolus (Nu) and plastid (P) , 
and little LeERF1 signal was detected in the cell wall (CW) and vaculoe (V) . During the phase of immature green 
stage (IG) of tomato fruit, there were a few LeERF1 protein in the cells of tomato tissues. As the development, the 
signal of LeERF1 increased obviously in the nucleus (N)ǃnucleolus (Nu) and plastid (P). And there were larger 
LeERF1 protein in breaking tomato fruit than in green tomato fruit identified by Western blotting. The experiments 
showed that LeERF1 had relationship with the ripening of tomato fruit. 
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1.Introduction 
Ethylene, a simple gaseous phytohormone, triggers a wide range of physiological and morphological 
responses in plants, such as inhibition of cell expansion, promotion of leaf and Àower senescence, 
induction of fruit ripening and abscission, and resistance to pathogens and insect attack (Yu et al., 2001; 
Zhao and Schaller, 2004; Achard et al., 2006; Cao et al., 2006). Genetic and molecular characterization of 
some ethylene mutants has de¿ned a largely linear ethylene signal transduction pathway from hormone 
perception at the endoplasmic reticulum membrane to transcriptional regulation in the nucleus (Wang et 
al., 2002).  
Among the ethylene signal transduction pathway, ethylene response element binding proteins 
(EREBPs) played important roles, which acted downstream of the pathway (Donnell et al., 1996). 
EREBPs have been identi¿ed in a number of plant species including Arabidopsis, tobacco and tomato 
(Jaglo et al., 2001; Thara et al., 1999; Xu et al., 1998). And EREBPs contain a highly conserved basic 
DNA-binding domain (AP2/ERF domain) comprising 58 or 59 amino acids. So, the EREBPs were also 
named ERFs. The AP2/ERF domain recognizes and binds to cis-elements such as the DRE/CRT element 
and GCC-box (Gutterson et al., 2004).  
Members of the ERFs are believed to play important regulatory functions in plant development, as 
well as environment stress, and defense responses. For example, over-expression of AtERF14 in 
Arabidopsis has largely enhanced defense gene expression and regulated the expression of other ERF 
genes (Onate-Sanchez et al., 2007). GbERF2 transgenic tobacco plants accumulated higher levels of 
pathogenesis-related gene transcripts and enhanced resistance to fungal infection (Zuo et al., 2007). And 
ERFs are induced by a variety of stresses and pathogens, as well as by hormones associated with defense 
responses, such as ethylene, jasmonic acid (JA), and salicylic acid (SA) (Johnson and Ecker, 1998; 
Bleecker and Kende, 2000).  
In tomato, several ERF proteins have been identified in response to biotic and abiotic stresses. For 
example, the tomato Pti4-6, specially recognized and bound to a DNA sequence that was present in the 
promoter region of a large number of genes encoding “pathogenesis-related” (PR) proteins (Zhou et al., 
1997).  Expression of tomato JERF3 in tobacco activated the expression of  oxidative and osmotic 
stress-related genes, resulting in decreased accumulation of reactive oxygen species (ROS) and enhanced 
adaptation to drought, freezing and salt stress (Wu  et  al.,  2008).  
Previously, an ERF protein LeERF1 was isolated from a cDNA library of tomato fruit, which 
contained a conserved ERF domain of specific binding to the cis-acting element GCC box (Yu et al., 
2004). We also obtained sense and antisense-LeERF1 transgenic tomato plants, in which LeERF1 
positively modulated ethylene triple response on etiolated seedling, plant development, fruit ripening, and 
softening in tomato (Li et al., 2007). Moreover, over-expression of LeERF1 also improved the tolerance 
to drought stress in tomato and activates downstream stress-responsive genes (Lu et al., 2010).  
In this research, we used immunocolloidal gold technique to investigate the subcellular localization 
of LeERF1 in the vascular tissue of tomato fruit. 
2.Materials and method 
2.1.Plant materials 
Wild-type tomato fruits (Lycopersicon esculentum cv Lichun) was grown in a heated glasshouse 
using standard cultural practices with regular additions of N, P, K fertilizer and supplementary lighting 
when required. Flowers were tagged at anthesis, and fruits were harvested at the green ripe stage and 
breaking stage. 
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2.2.Tissue preparation 
The method described by Zhang et al. (1997) was used, with modi¿cations for tissue preparation. 
The following procedures were carried out at 4ć unless otherwise stated. Mature green and broken 
tomato fruit were cut into small cubes (about 2–3 mm3) that were immediately ¿xed with 5% (v/v) 
glutaraldehyde in pre-cooled phosphate buffer (pH 7·0) for 4 h. The penetration of the glutaraldehyde 
buffer was improved by vacuum pumping. After an extensive rinse with pre-cooled phosphate buffer (pH 
7·0), the tissue cubes were post¿xed in 1 %( w/v) OsO overnight. Following another extensive rinse with 
the same buffer (pH 7·0), the tissue cubes were dehydrated through a graded ethanol series (30–100%), 
and were then in¿ltrated with 100% LR White buffer for 12 h at room temperature. Polymerization was 
conducted at 55 ć for 48 h. Ultrathin sections (thickness approximately 60–90 nm) were mounted on 
100 mesh copper grids coated with 0.3% formvar ¿lm for the ultrastructural observation, and on 100 
mesh nickel grids coated with 0.3% formvar ¿lm for the immunogold labelling of acid invertase. 
2.3.Immunolabelling and observation 
The method was adapted from Chen et al. (1998) and Zhang et al. (1999) with modi¿cations. The 
ultrathin sections were rinsed with TBST buffer [10 mol l-1 Tris, pH 7·4, 500 mol l-1 NaCl, 0.3 %( v/v) 
Tween 20] for 5 min, and were incubated in TBST buffer containing 2% (w/v) BSA for 2 h. All of the 
above procedures were performed at room temperature. After a rinse in TBST buffer containing 2% (w/v) 
BSA, the sections were incubated in LeERF1 antisera (diluted 1 : 500 in TBST buffer containing 0.1% 
BSA) at 4ć for 12 h. Following extensive washes with TBST buffer containing 2% (w/v) BSA, the 
sections were incubated in goat antirabbit IgG antibody conjugated with 10 nm gold (diluted 1 : 500 in 
TBST buffer containing 0.1% BSA) for 2 h at room temperature. The sections were rinsed consecutively 
with TBST buffer containing 2% BSA, TBST buffer, and double-distilled water. The ultrathin sections 
were double-stained with uranyl acetate–lead citrate and examined with a JEM-100S electron microscope. 
2.4.Western blotting analysis 
5g of Wild type and ethylene treated tomato samples were ground in liquid nitrogen, and solubilized 
with the protein extracting buffer (400 mmol.l-1 Tris-HCl pH7.5ˈ200 mmol.l-1 NaClˈ800 mmol.l-1 
sucroseˈ20 mmol.l-1 EDTAˈ10 mmol.l-1 DTTˈ2 mmol.l-1 PMSFˈ0.1% Tween-20˅. 
All the samples were centrifuged at 13000g for 10min. The suspension was collected as crude 
extraction for further analysis. Total protein was quantified by the method (Bradford, 1976). The western 
blotting was preformed. And the polyclonal antibody of LeERF1 was used as primary antibody, and 
Fluorescent IRDye700 marked IGg was used as detection antibody. Odyssey Infrared Imaging System 
was used to detect the result. 
3.Results 
3.1.Subcellular localization of LeERF1 in mature green tomato fruit 
The subcellular localization of LeERF1 in mature green tomato fruit was first investigated. As shown 
in Fig 1, the vascular tissue cells of mature green fruit was a primitive state, the nucleus (N) and plasmids 
(P) of the cell were bigger. The distribution of LeERF1 was less in the vascular tissue cells of the mature 
green fruit. Most of the LeERF1 distributed in nucleus (N) and plasmids (P), however, cell walls (CW), 
vacuole (V) and vacuole membrane (T) had almost no gold distribution (Fig 1B, C, D).  
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3.2.Subcellular localization of LeERF1 in breaking tomato fruit 
In breaking tomato fruit, the vascular cell was full and intact. The nucleus (N) and plasmids (P) of 
the cell were smaller compared to that in mature green fruit. And there was starch granule in the plasmids 
(Fig 2A, C, D). The distribution of LeERF1 in the vascular cell of breaking fruit was more than that in 
mature green fruit (Fig 2A, C, D), however, there was almost no distribution of gold in cell walls (CW), 
vacuole (V) and vacuole membrane (T) of breaking tomato fruit (Fig 2B, C, D). And in breaking fruit, we 
observed that the LeERF1 protein went into the nucleoli (Nu) through specific position (Fig 2A).  
In order to validate the feasibility of the experiment method and the reliability of the results, the 
rabbit serum of unimmunized was used as control to test the specificity. As shown in Fig 3, there was 
almost no gold particle in the nucleus (N), plasmids (P), nucleoli (Nu), cell walls (CW), vacuole (V) and 
vacuole membrane (T). 
Further statistical results indicated that in mature green fruit, the distribution density of LeERF1 in 
nucleus (N) and plasmids (P) of the vascular cell was 3-4 /­m2. And in cell walls (CW) and vacuole (V), 
there was only 0.3/­m2 (Table 1). In contrast, in the vascular cell of breaking fruit, the distribution of 
LeERF1 in nucleus (N) and plasmids (P) increased to 12-14 /­m2, but still low in cell walls (CW) and 
vacuole (V) (Table 1). 
3.3.Western blotting analysis of LeERF1 in tomato fruit 
Total protein was extracted from the mature green and breaking fruits. Separated by SDS-PAGE, 
polyclonal antibody was used to examine the expression of LeERF1 in tomato fruit. Western blotting 
analysis suggested that the expression of LeERF1 in the mature green fruit was lower than that in 
breaking tomato fruit (Fig3). 
4.Discussion 
Immunocolloidal gold electron technology was usually used in subcellular localization of protein. 
Osmic acid, K4M (10-11) and LR white (Moctezuma 1999; Orna et al., 2002; Thomas et al., 2002) were 
always used as the embedding medium in immunocolloidal gold. In this research, we used LR white as 
embedding medium to perform the immunocolloidal gold to investigate the subcellular localization of 
LeERF1 in vascular tissue of the tomato fruit. The polyclonal antibody of LeERF1 was used as primary 
antibody, and the goat antirabbit IgG antibody conjugated with gold was used as detection antibody.  
Our results indicated that in vascular tissue of the mature green tomato fruit, most of the LeERF1 
distributed in nucleus (N) and plasmids (P), however, cell walls (CW), vacuole (V) and vacuole 
membrane (T) had almost no gold distribution (Fig 1B, C, D). And in contrast, the distribution of LeERF1 
in breaking tomato fruit was obviously increased in nucleus (N) and plasmids (P) than that in mature 
green fruit (Fig 2A, C, D). The western-blotting results complied with the immunocolloidal gold results. 
The expression of LeERF1 in breaking fruit was higher than that in mature green fruit (Fig 3). 
Plasmid is the organelle for photosynthesis, which called chloroplast in higher plants and algae 
(Raven 1970). The plasmid contained genomic, which classified into two groups (Gray et al., 1996). 
Higher plant plastid usually only coded more than one hundred genes, but in plasmid, there were more 
than 3000 proteins. This was mainly because the most genes transferred into the nucleus during the 
biological evolution (Susek and Chory 1992). Studies suggested that there was signaling pathway 
between the nucleus and plasmid, and nuclear gene controlled the transcription and translation of the 
plasmid genes, plasmids metabolism and development (Mayfield and Taylor 1987). In this research, we 
found that the LeERF1 distributed in the starch particles of the plasmid in breaking fruit, which suggested 
the LeERF1 might take part in the sugar metabolic of fruit and control the fruit ripening.  
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Fig.1. Subcellular localization of LeERF1 in the vascular tissues of green tomato fruit. 
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Fig 1. Subcellular localization of LeERF1 in the vascular tissues of mature green tomato fruit.  (A). 
 Gold particles in the nucleus˄ N a˅nd nucleoli˄ Nu˅˄ h21000˅˗  B. Gold particles in cell wall˄ CW ǃ˅vacuole˄ V a˅nd vacuole 
membrane˄T˅˄ h21000˅˗  C. Gold particles in vacuole˄V˅and plasmid˄P˅˄ h18000˅˗  D. Gold particles in plasmid˄P˅
˄h10000˅. 
A   B
C D
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Fig 2. Subcellular localization of LeERF1 in the vascular tissues of breaking tomato fruit.  (A). 
Gold particles in the nucleus˄N˅and nucleoli˄Nu˅˄ h21000˅˗  B. Gold particles in cell wall˄CW˅ and vacuole˄V˅˄ h






1195 Hongxing Zhang et al. /  Procedia Environmental Sciences  12 ( 2012 )  1187 – 1196 
 

Fig 3. Control for the subcellular localization of LeERF1 in the vascular tissues of green tomato fruit. (A). 
Gold particles in the nucleus˄ N ,˅ nucleoli˄ Nu a˅nd cell wall˄ CW  ˅ (×21000); Gold particles in vacuole˄ V a˅nd plasmid˄ P˅
˄h35000˅. 
 
1        2 
 
Fig 4. Immunodetection of LeERF1 in tomato fruit. 
1. Immuodetection of LeERF1 in mature green tomato fruit; 2. Immuodetection of LeERF1 in breaking tomato fruit. 
 
Table 1. Immunocytochemical labelling intensity of LeERF1 in the vascular tissues of tomato fruit. 
Tissues Gold particles in vascular tissues of mature 
green tomato fruit (number/ȝm2) 
Gold particles in vascular tissues of 
breaking tomato fruit  (number/ȝm2) 
Nucleus (N) 3.86f0.43 14.25f0.70 
Plasmid (P) 3.22f0.37 12.61f0.84 
LeERF1            31kD   
A B
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Vacuole (V) 0.31f0.02 0.28f0.03 
Cell wall 
(CW) 
0.34f0.03 0.36f0.04 
 
